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Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

. 1. Statement 



Novelty (N) 


Claims 


1-44 


YES 




Claims 




NO 


Inventive step (IS) 


Claims 


1-44 


YES 




Claims 




NO 


Industrial applicability (lA) 


Claims 


1-44 


YES 




Claims 




NO 



2, Citations and explanations (RuJe 70.7) 
Novelty and Inventive Step 

The Butler article discusses the application of CVD diamond materials with specific reference to the use of N-V 
defects in single photon quantum cryptography. See end of first paragraph in third column of page 22. 

WO 2004/046427 discloses the deposition of diamond in v^aveguides, as crystals and in optic fibres for a wide 
range of optical applications. 

US 2003/0021518 discloses an optical transformer comprising an optical fibre with a microsphere whereby light 
trapped within the microsphere causes transitions between modes of light as used in quantum algorithms. 

None of the features of the claims are disclosed. Therefore the claims can be said to both novel and to have an 
inventive step. 

Industrial Applicabilitv 

The claims are directly related to the manufacture of objects of semiconductor materials . Therefore the claimed 
invention can be said to industrially applicable. 
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Box No* VIII Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

Claims 28 and 40 are unclear as the steps involved in the making or growing of colour centres adjacent or in 
association with the waveguide. Where are the colour centers attached to the waveguide? How is it attached? Is the 
waveguide planar or a fibre? How much material is grown? 
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The Claims; 

!• A photon source comprising; 
an optical waveguide and 
5 a material comprising at least one colour centre, the 

or each colour centre being arranged for emission of 
single or entangled photons and the material having been 
grown so that the material i» bonded to the optical 
waveguide and in use at lea^t some of the photons emitted 
10 by the or each colour centre are guided in. the optical 
waveguide, 

2. A photon source, comprising: 

an optical waveguide incoiporating a material having 
15 at least one colour centre arranged for emieeion of single 
or entangled photons, the material being incorporated so 
that in use at least some of the photons emitted from the 
or each colour centre are guided in the optical waveguide. 

20 3 » The photon source as claimed in claim 1 or 2 being a 
source of single photons. 

4 . The photon source &b claimed in claim 1 or 2 being 
arranged for emission of entangled photons • 

25 

B* The photon source as claimed in claim 4 comprising at 
least two colour centres which are arranged to emit 
together at least two entangled photons. 

30 6 . The photon source as claimed in claim 4 cornprising at 
least one colour centre which itself is arranged to emit 
entangled photons . 
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7. The photon source as claimed in any one of the 
preceding claims wherein the material hae a diamond 
structure • 

5 a. The photon source ae claimed in any one of the 
preceding claims wherein the material i& a diamond 
material . 

9. The photon source ae claimed in any one of the 
10 preceding claims wherein the material is grown on a 
portion of a core region of the waveguide • 

10 4 The photon source as claimed in any one of the 
preceding claims wherein the material is a diamond crystal 
IS and the or each colour centre comprises a nitrogen-related 
colour centre • 

11. The photon source as claimed in any one of claims 1 
to 9 wherein the material is a diamond crystal and the or 

20 each colour centre comprises a nickel -related coloiir 
centre . 

12. The photon source as claimed in any one of the 
preceding claims wherein the waveguide is an optical 

25 fibre. 

13 . The photon source as claimed in any one of claims 1 
to 11 wherein the waveguide is a planar waveguide. 

30 14, The photon source as claimed in claim 12 or 13 
comprising a core region that is surrounded by a core- 
surrounding region which has a lower refractive index than 
the core region. 
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15* The photon sour-ce as claimed in olaim 12 or* 1.3 
Gomprisiixg a number of light -confining elements arranged 
about the core region so that light can be guided in the 
5 core region, 

16- The photon source aa claimed in claim IS wherein the 
core region is solid and the light-confining elements 
result in an average refractive index of a core- 
lb surrounding region being lower than that of the core 
region. 

17. The photon source as claimed in claim 15 wherein the 
liSflit'- confining elements are arranged so that a photonic 
15 crystal waveguide is formed having photonic bandgap in the 
core -surrounding region, 

18 ♦ The photon source as claimed in any one of the 
proceeding claims wherein the material is positioned in a 
20 cavity which is located in the waveguide. 



19. The photon source as claimed in claim 18 wherein the 
cavity is located in a core region of the waveguide* 

25 20. The photon source as claimed in la or 19 wherein the 
cavity is an optical cavity, 

21. The photon source as claimed in olaim 2 or in any one 
of claims 3 to 20 when dependent on claim 2 wherein the 

30 material is embedded in the optical waveguide. 

22. The photon source as claimed in claim 2 or in any one 
of claims 3 bo 20 when dependent on claim 2 wherein the 
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material forme a part of the waveguide. 

23. The photon source as claimed in claim 2 or in any one 
of claims 3 to 22 when dependent on claim 2 wherein the 
5 waveguide has a diamond core that comprises the or each 
colour centre. 

24 y The photon source glb claimed in claim 2 or in any one 
of claims 3 to 23 when dependent on claim 2 wherein at 

10 least a portion of the length of the waveguide is composed 
of diamond. 

25 • The photon source as claimed in claim 24 wherein the 
entire waveguide is composed of diamond. 

15 

26. The photon sourc.e as claimed in any one of the 
preceding claims being arranged for optical excitation of 
the or each colour centre, 

20 27. The photon source as claimed in any one o£ the 

preceding claims being arranged for electrical excitation 
of the or each colour centre - 

28, A method of fabricating a photon source coroprising: 
25 providing an optical waveguide and 

growing a material adjacent or in association with 
the optical waveguide in a manner so that at least one 
colour centre for emission of single or entangled photons 
is formed in the material. 

30 

29. The method as claimed in claim 28 wherein the 
material is grown in a manner such that the material is 
bonded to the optical waveguide and in use at least some 
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of the single photon© emitted from the or each colour 
centre are guided in the optical waveguide- 

30 » The method as claimed in claim 23 or 29 wherein the 
5 material is gxovm directly on a portion of the waveguide 
so that a direct bonding of the optical waveguide with the 
material is effected* 

31. The method as claimed in any one of claims 28 to 30 
10 comprising the additional ©tep of forming at least one 
receee in the optical waveguide. 

32- The method as claimed in claim 31 wherein the 
waveguide comprises a core and a core surrounding region 
15 and the at least one recess is formed at an end^face of 
the waveguide in the core region, 

33. The method as claimed in claim 31 or 32 wherein the 
recess is formed by etching the recess in the core region 
20 using an etch-process that preferentially etches material 
of the core region. 

34 • The method as claimed in any one of claims 2 8 to 33 
wherein the material con¥)riees diamond crystals having the 
25 or each colour centre. 

35, The method as claimed in any one of claims 28 to 34 
wherein the step of growing the material involves chemical 
vapour deposition (CVD) . 

30 

36. . The method as claimed in claim 31 or any one of 
claims 32 to 35 when dependent on claim 31 wherein the 
step of growing a material comprises growing the material 
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at an edge aesociated with the oxr each recegs* 

37- The method as claimed claim 31- or any one of claims 
32 to 35 when dependent on claim 31 wherein the step of 
5 growing a material compriees growing the material in the 
or each recess. 

38. The method as claimed in claim 37 wherein the 
material is grown at an end-face of the waveguide and the 

10 method comprises the step of splicing the end-face with an 
end -face of another waveguide. 

39. The method aa claimed In claim 37 wherein the 
material is grown at an end- face and in the or each recess 

15 and the method comprises the step of splicing the end-face 
with an end- face of another waveguide so that the or each 
recess is closed and forms a cavity comprising that 
material having the or each colour centre. 

20 40- A method of fabricating a photon source comprising an • 
optical waveguide, the method comprising the steps of z 
fabricating an optical waveguide incorporating a 
material in which at least one coloxir centre for emission 
Of single or entangled photons can be formed and 
25 foarming the or each colour centre in the material in 

a manner so that in use at least some of the emitted 
^ photons are guided in the optical waveguide* 

41. The method as claimed in claim 40 wherein the optical 
30 waveguide has a core and the material forms a part of the 

core . 

42. The method as claimed in claim 40 wherein the optical 
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waveguide has a core which ie coinpoBed of the material. 

43. A photon source fabricated by the method as claimed 
in. any oue of claims 28 to 42. 

44. A quantum key distribution system comprising the 
photon source as claimed in any one of claims 1 to 27. 
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1. A photon source comprising: 
an optical waveguide and 

a material comprising at least one colour centre, the or 
each colour centre being arranged for emission of single or 
entangled photons and the material having been grown so that 
the material is bonded to the optical waveguide and in use at 
least some of the photons emitted by the or each colour centre 
are guided in the optical waveguide. 

2. A photon source comprising: 

an optical waveguide incorporating a material having at 
least one colour centre arranged for emission of single or 
entangled photons, the material being incorporated so that in 
use at least some of the photons emitted from the or each 
colour centre are guided in the optical waveguide. 

3 . The photon source as claimed in claim 1 or 2 being a 
source of single photons . 

4 . The photon source as claimed in claim 1 or 2 being 
arranged for emission of entangled photons. 

5. The photon source as claimed in claim 4 comprising at 
least two color centres which are arranged to emit together at 
least two entangled photons . 

6. The photon source as claimed in claim 4 comprising at 
least one colour centre which itself is arranged to emit 
entangled photons . 



-1- 



7 . The photon source as claimed in any one of the preceding 
claims wherein the material has a diamond structure. 

8. The photon source as claimed in any one of the preceding 
claims wherein the material is a diamond material. 

9. The photon source as claimed in any one of the preceding 
claims wherein the material is grown on a portion of a core 
region of the waveguide . 

10. The photon source as claimed in any one of the preceding 
claims wherein the material is a diamond crystal and the or 
each colour centre comprises a nitrogen- related colour centre. 

11. The photon source as claimed in any one of claims 1 to 9 
wherein the material is a diamond crystal and the or each 
colour centre comprises a nickel-related colour centre. 

12. The photon source as claimed in any one of the preceding 
claims wherein the waveguide is an optical fibre. 

13 . The photon source as claimed in any one of claims 1 to 
11 wherein the waveguide is a planar waveguide, 

14 . The photon source as claimed in claim 12 or 13 
comprising a core region that is surrounded by a core- 
surrounding region which has a lower refractive index than the 
core region. 

15. The photon source as claimed in claim 12 or 13 
comprising a number of light-confining elements arranged about 
the core region so that light can be guided in the core 
region. 

V 
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16. The photon source as claimed in claim 15 wherein the 
core region is solid and the light-confining elements result 
in an average refractive index of a core -surrounding region 
being lower than that of the core region. 

17- The photon source as claimed in claim 15 wherein the 
light -confining elements are arranged so that a photonic 
crystal waveguide is formed having photonic bandgap in the 
core - surrounding region . 

18. The photon source as claimed in any one of the 
proceeding claims wherein the material is positioned in a 
cavity which is located in the waveguide. 

19. The photon source as claimed in claim 18 wherein the 
cavity is located in a core region of the waveguide. 

20. The photon source as claimed in 18 or 19 wherein the 
cavity is an optical cavity. 

21. The photon source as claimed in claim 2 or in any one of 
claims 3 to 2 0 when dependent on claim 2 wherein the material 
is embedded in the optical waveguide. 

22 . The photon source as claimed in claim 2 or in any one of 
claims 3 to 2 0 when dependent on claim 2 wherein the material 
forms a part of the waveguide . 

23 . The photon source as claimed in claim 2 or in any one of 
claims 3 to 22 when dependent on claim 2 wherein the waveguide 
has a diamond core that comprises the or each colour centre. 

24 . The photon source as claimed in claim 2 or in any one of 
claims 3 to 23 when dependent on claim 2 wherein at least a 
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portion of the length of the waveguide is composed of diamond. 

25. The photon source as claimed in claim 24 wherein the 
entire waveguide is composed of diamond, 

26. The photon source as claimed in any one of the preceding 
claims being arranged for optical excitation of the or each 
colour centre . 

27- The photon source as claimed in any one of the preceding 
claims being arranged for electrical excitation of the or each 
colour centre, 

28. A method of fabricating a photon source comprising: 

providing an optical waveguide and 

growing a material adjacent or in association with the 
optical waveguide in a manner so that at least one colour 
centre for emission of single or entangled photons is formed 
in the material , 

29. The method as claimed in claim 28 wherein the material 
is grown in a manner such that the material is bonded to the 
optical waveguide and in use at least some of the single 
photons emitted from the or each colour centre are guided in 
the optical waveguide . 

30. The method as claimed in claim 28 or 29 wherein the 
material is grown directly on a portion of the waveguide so 
that a direct bonding of the optical waveguide with the 
material is effected. 

31. The method as claimed in any one of claims 28 to 30 
comprising the additional step of forming at least one recess 
in the optical waveguide. 
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32. The method as claimed in claim 31 wherein the waveguide 
comprises a core and a core surrounding region and the at 
least one recess is formed at an end- face of the waveguide in 
the core region. 

33. The method as claimed in claim 31 or 32 wherein the 
recess is formed by etching the recess in the core region 
using an etch-process that preferentially etches material of 
the core region. 

34. The method as claimed in any one of claims 28 to 33 
wherein the material comprises diamond crystals having the or 
each colour centre . 

35. The method as claimed in any one of claims 28 to 34 
wherein the step of growing the material involves chemical 
vapour deposition (CVD) . 

36. The method as claimed in claim 31 or any one of claims 
32 to 35 when dependent on claim 31 wherein the step of 
growing a material comprises growing the material at an edge 
associated with the or each recess. 

37. The method as claimed claim 31 or any one of claims 32 
to 35 when dependent on claim 31 wherein the step of growing a 
material comprises growing the material in the or each recess. 

38. The method as claimed in claim 37 wherein the material 
is grown at an end- face of the waveguide and the method 
comprises the step of splicing the end- face with an end- face 
of another waveguide . 

39. The method as claimed in claim 37 wherein the material 
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is grown at an end- face and in the or each recess and the 
method comprises the step of splicing the end- face with an 
end- face of another waveguide so that the or each recess is 
closed and forms a cavity comprising that material having the 
or each colour centre . 

40- A method of fabricating a photon source comprising an 
optical waveguide, the method comprising the steps of: 

fabricating an optical waveguide incorporating a 
material in which at least one colour centre for emission of 
single or entangled photons can be formed and 

forming the or each colour centre in the material in a 
manner so that in use at least some of the emitted photons are 
guided in the optical waveguide. 

41. The method as claimed in claim 40 wherein the optical 
waveguide has a core and the material forms a part of the 
core . 

42. The method as claimed in claim 4 0 wherein the optical 
waveguide has a core which is composed of the material . 

43. A photon source fabricated by the method as claimed in 
any one of claims 28 to 42, 

44. A quantum key distribution system comprising the photon 
source as claimed in any one of claims 1 to 27. 



